The beagle dog and the rhesus monkey are used extensively in biomedical research. As a result, many attempts have been made to establish the normal range of various hematologic and blood-chemical parameters for these species. Most estimates utilize statistical procedures based on the assumption that the distribution of the data is gaussian or normal. Since the distribution of clinical-laboratory values is rarely symmetrical, the use of a non-parametric, statistical procedure would provide a more meaningful and accurate estimate. It is important to know not only the normal range, or inte~animal variability, for the various analyses performed, but also the scope of physiologic variation within a particular animal, i.e., the normal intra-aRimal range.
This report presents data from standard hematologic and blood-chemical t e s t s using t h e n o n -p a r a m e tric, percentile-estimate procedure to establish 90% and 95% ranges for beagle dogs and rhesus monkeys in our coIony.'s2 in addition, results of clinical-laboratory tests on dogs and monkeys that served as controls in subacute toxicity studies have been analyzed in order to provide an estimate of the normal intra-animal variability.
Methods
Immunized (DHR) and deparasitized, youngadult, purebred beagle dogs and deparasitized, adolescent rhesus monkeys were The normal variation of hematologic and bfood-chemical values in individual dogs and monkeys is summarized in Tables
Ill and IV. The variability of hemoglobin in dogs is i 2.3 g/100ml. If hemoglobin were to vary more than that amount in a treated animal from one sampling period to the next, there i s only one chance in 20 that such a change i s due to normal physiologic variation. Using these statistics, it is possible to determine whether a value for a treated animal, even though within the normal range, is significantly different from an earlier sample. Consider a decrease in the hematocrit of a dog from 53% to 43% during a 2-week treatment period. Both values fall within the range delineated by 90% of the dogs in our colony and cannot, in themselves~ be considered abnormal. However, the normal variability of the hematocrit in dogs i s 5 7%; a decrease of 10% i s significant and must be considered as a possible effect of the treatment.
obtained from commercial animal suppliers. All animals were quarantined for a t least 2 months, during which time each monkey was given two or more tuberculin tests.
Dogs were housed individually in stainless-steel metabolism cages in a room ma~ntajned a t 7OoF and ~lluminated 12 hours daily, They were offered water ad libj~um and fed in mid-a~ternoon a ration of 2809 of feklad Dog Diet {Teklad lnc., Monmouth, It) wetted with 100 mi of water. Monkeys were housed individually in stainless-steel cages in a room maintained a t 74OF and illuminated 12 hours daily. They were offered water ad ~j b i~~m and fed in mjd-afternoon a ration of 2009 of Purina Monkey Chow 25 (Ralston Purina Co., St. Louis, MO) suppfemented with apples. Blood sampfes were obtained, approximately 18 hours after feeding, from the jugular vein of dogs and the femoral vein of monkeys.
The mean of all values was determined for each hematofogic and blood-chem~ca~ parameter, and the percentile estimate was employed to establish 90% and 95% ranges. Variability within individual animals was estimated from data on 30 dogs and 23 monkeys that served as controls in subacute toxicity studies. These animals were tested at intervals of 2 to 4 weeks. Each value obtained during the study was compared to the pretest vaiue for that animal, and the standard deviation of the differences was determined. The results, reported as f: 2 standard deviations, give 95% probability limits for the amount of variation to be expected in a particular parameter for a normal animal from one samplin~ period to the next.
Results and Discussion
The percentile estimates of the normal range of hematologic and b~ood-chem~cal values in dogs and monkeys are summari~ed in Tables I and !I, When normal ranges are estimated by a statistical method that assumes a normal distribution of the data, the 95% probability limits determined by the mean -C 2 standard deviations will encompass 95% of the values only if the distribution is strictly gaussian. In contrast, the pe~centil~-estim~t~ procedure provides the range in which precisely 95% of the values fall, regardless of the symmetry (or asymmetry) of the distribution of the data. For this reason, the percentile estimate is more appropriate for the estimation of normal ranges of clinical laboratory-test results, the distribution of which is rarely gaussian. The ranges so derived can be used to compare the value for a particular animal with other animals of the species, For example, 90% of the hemaglobin values from dogs fell between 14.2 and 19.0 g/IOOml, with 5% below and 5% above that range (Table I) .
Ninety-five percent of the values were within the broader range of t 3.6 to 38.4 917 OOmt. A ~emog~ob~n concentration of less than 13.6 g/1~Oml in an experimental animal may be a result of the treatment since such a low hemoglobin concentra~ion occurred in only 2.5% of untreated dogs, Because of the many variables associated with this type of data (e.g., analytical methods, husbandry, geographical location, age, sex), these ranges must not be considered absolute. Each laboratory should establish normal data for i t s own colony, utilizing non-parametric statistics and the concepts of interand jntra-anjma~ variabjJity.
In the past few years, the field of electron microscopy has seen considerable development in instrumentation (scanning and high-voltage electron microscopy) and remarkable achievement in m e t h o d 0 I ogy ( f reeze-e t c h i ng, substitution, and autoradiography). The use of such sophisticated procedures as a tool in biomedical research has become extremely diverse and complex, and there is need for a reliable source of information for those interested in this field.
Koehler's book comprises eight selected topics dealing with these new developments, and they are contributed by scientists highly regarded in the field of electron microscopy.
Each of these topics is well illustrated and documented with an up-to-date bibliography.
In the first chapter, J. H. Luft reviews the properties, advantages, and disadvantages of polyester resins, epoxy resins, and water-solubie compounds used as embedding media for fine structural studies. Problems created from the use of these embedding media such as polymerization damage, beam damage, errotic polymerization, shrinkage, viscosity, osmotic damage, and toxicity are discussed to give the electron microscopist guidance in selecting the suitable embedding procedure.
The second chapter, contributed by D. Pease, deals with inert-dehydration (freeze-substitution), a novel technique recently adopted by him and other investigators as an alternate to the traditional methods of fixation and embedding. Pertinent techniques and findings of Pease, as compared to those of others (artifacts characteristic of inertly dehydrated tissues and quality of the fine structure) are explicitly discussed.
Freeze-etching (or fracturing) is currently used in some laboratories in place of chemical fixation to reveal membrane structure. Contribution to this subject by S. Bullivant offers detailed information about the physical basis of the technique, the choice of equipment, and the various procedures of fracturing and replication; also discussed are problems of interpretation and contam~nation.
Specific aspects of electron microscope autoradiography such as the distribution of grains around the radioactive source in the tissue, qualitative assessment of autoradiograms, and conversion of developed grain data to specific activity in the specimen constitute the major part of the chapter by M. M.
Salpeter and F. M. McHenry.
Principles of operating the scanning electron microscope fSEM), its resolution and potentialities, as well as other valuable information including specimen preparation, viewing, and signal processing, are given in detail by 7. L. Hayes.
Recording techniques and analytical information processing are also reviewed briefly.
Computer processing of electron micrographs is discussed by J.
Frank. Prospects for the use of this technique appear eminent.
This interesting chapter includes information about signal detection in the presence of noise, interpretation of phase contrast images, and three-dimensional reconstruction from electron micrographs.
Impetus toward h~gh-voltage operation came from biologists desiring to examine whole cells at a time. Despite the limited use of the high-voltage electron microscope at present, it i s expected that it will be more common in biomedical laboratories in the near future. K. Hama, in his review of this subject, discusses certain advantages and some problems of this type of electron microscope.
As stated in its preface, this book is designed as a handy reference for researchers already having some experience in
